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Abstract
Purpose of Review To evaluate the relation between sleep alterations, with or without breathing disorders, and incidence of
hypertension and other cardiovascular diseases
Recent Findings Several studies have clearly shown the mechanisms linking sleep disorders and cardiovascular diseases. The
sympathetic hyperactivity seems to play a fundamental role in favoring and sustaining the increase in blood pressure values.
Several other mechanisms also contribute to this effect and to the increase cardiovascular risk.
Summary The mechanisms responsible for the increase in blood pressure values in subjects with alteration in sleep quantity and
quality, with or without breathing disorders, have been clearly established. The recent findings refer to the result of meta-analysis
of cross-sectional studies or longitudinal studies showing a significant association between short sleep duration and hypertension.
It has also been shown that sleep fragmentation could be considered the main determinant of the sympathetic activation
independently of the frequency and severity of oxygen desaturation.
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Introduction

Hypertension is a major public health epidemic with a preva-
lence that has been estimated to affect more than 3.5 billion
people in 2015 (those with systolic blood pressure over 110 to
115). It represents a risk factor for ischemic heart disease,
stroke, and cardiac and renal failure [1, 2]. The relation be-
tween the increase in blood pressure (BP) values and the ac-
tivation of sympathetic nervous system due to the concomitant
stimulation of several mechanisms have been clearly
established [3]. It has been also shown that a hyperadrenergic
tone is just present in high-normal blood pressure indicating
that sympathetic activation may precede overt arterial hyper-
tension even in very low-risk subjects [4]. Disorders of sleep
may greatly influence blood pressure levels contributing to the
increase cardiovascular morbidity and mortality irrespective
of the 24-h BP levels [5]. In this review, we will see the role

of sleep in modulating BP values and the impact of sleep
disorders and pathophysiological conditions on sympathetic
tone and BP.

Sleep: Phases and Mechanisms

Normally, sleep consists of cycles with alternation between
non-rapid eye movement (NREM) and rapid eye movement
(REM). These phases are characterized by important physio-
logical changes in respiratory and cardiovascular functions.
NREM sleep is prominent at the beginning of the night and
is accompanied by a progressive decrease of sympathetic
nerve activity to the vasculature and a progressive increase
in parasympathetic cardiac modulation leading to a reduction
in blood pressure and heart rate variability and an increase in
arterial baroreflex sensitivity [6, 7]. This phase is also charac-
terized by changes in breathing patterns with a shift to auto-
matic mechanisms. This induces a slower and more regular
respiration and contributes itself to changes in the nocturnal
modulation of BP and heart rate [8]. REM sleep and awake are
characterized by a significant and highly variable increase in
sympathetic activity and BP levels. Baroreflex sensitivity in-
creases during sleep but is more effective in buffering in-
creases in BP during REM episodes in the last part of the
sleep. Alterations in these physiological mechanisms may
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contribute to the hemodynamic and neuroadrenergic alter-
ations favoring and sustaining hypertension.

Blood Pressure During the Night

During the night, healthy individuals did not show significant
changes in cardiac output and the reduction in BP values is
due to a decrease in sympathetic output and in total peripheral
vascular resistance. Usually, a decrease of 10 to 20% in mean
systolic and diastolic nocturnal BP compared with mean day-
time values is considered normal. An absence of nocturnal
dipping or a decrease in mean systolic and diastolic BP greater
than 20% of mean daytime values (extreme dipping) or an
increase in nocturnal BP values compared to mean daytime
values (reverse dipping) are conditions characterized by an
alteration in a fundamental mechanism participating in day
and night cardiovascular modulation such as the adrenergic
nervous system [9]. The reverse dipping state, observed in a
group of essential hypertensives, is characterized by a sympa-
thetic activation greater for magnitude than that seen in the
other conditions displaying abnormalities in nighttime BP pat-
tern [10]. As regards the possible mechanisms, these appear
not to be due to baroreflex function but to metabolic ones, i.e.,
insulin resistance, thus reflecting the multifold circulatory ef-
fects of insulin (vasomotor response, central action, alteration
in neural sympathetic drive) [11].

Several studies have also shown that the reduction in
dipping pattern represents a strong and independent predic-
tor of cardiovascular risk [12, 13]. The Dublin Outcome
Study and other studies have also shown that nocturnal
BP is a better predictor of cardiovascular risk than daytime
BP [14–16].

Sleep Disorders

Sleep is essential for optimal health. An increase number of
studies and epidemiological data have shown a relation be-
tween insufficient rest or poor quality of sleep and hyperten-
sion and outcomes [17, 18, 19••, 20••]. We will consider the
effects of the three main conditions associated with sleep al-
teration: sleep deprivation, changes in sleep duration and qual-
ity, and insomnia.

Sleep Deprivation

Several studies have shown that short-term sleep deprivation
is associated with an increase in systolic and diastolic BP and
heart rate during the day after. This is also accompanied by an
increase in urinary excretion of norepinephrine [21]. This was
the case also for moderate sleep deprivation which was ac-
companied by changes in heart rate and BP variability [22].
The sympathetic activation and the decrease in parasympa-
thetic modulation appears to be the result of a reduction of

NREM-sleep compared to REM-sleep. Studies of total sleep
deprivation have shown a BP increase accompanied by a re-
duction in adrenergic tone due to a resetting of the sympathetic
arterial baroreflex [23].

Sleep Duration and/or Quality

In the last decades, a decrease in sleep duration by 1.5 to 2.0 h/
day has been observed in two American community-based
cohort studies [24, 25]. These studies have shown that a sleep
duration lower than 6 h/night is associated with higher BP
values and with a higher risk of incident hypertension in the
10-year follow-up period. In particular, this association is ev-
ident in middle-aged subjects (less than 60 years old) [26, 27].
Although most of these studies used self-reported sleep dura-
tion; nevertheless, it has been shown that data obtained by
questionnaires are valid when compared with data obtained
by actimetry [28]. A recent systematic review and meta-
analysis [19••] reported a significant association between both
short and long sleep duration and prevalent hypertension or
between short sleep duration and incident hypertension. This
evidence was found only among women and not in European
population, but explanation remains uncertain.

The quality of sleep is also of primary importance due to
the association with several pathophysiological conditions
[29, 30•, 31] and to the association with accidents, quality of
life, fatigue, anxiety, physical complaints, and diurnal-reduced
cognitive performance [32••]. Prevalence rates of poor sleep
quality range between 10 and 48% depending on the criteria
and measurement techniques used. The Pittsburg Sleep
Quality Index (PSQI) is the most often used self-report instru-
ment for assessing sleep quality [33•]. In a study on about
19,000 individuals from five European countries, it has been
shown that restless legs syndrome, characterized by
dysesthesia and leg restlessness at night during periods of
immobility, was present in the 3.85%, and these subjects pre-
sented a twofold higher risk for elevated BP [34]. These data
have been confirmed in a systematic review addressing the
link between restless legs syndrome and hypertension [35].
These subjects show also a high prevalence of left ventricular
hypertrophy which reflects the presence of hyperadrenergic
conditions [36•].

Insomnia

Insomnia is defined as the difficulty in initiating or maintain-
ing sleep or non-restorative sleep accompanied by daytime
consequences of, for example, memory impairment, mood
disturbance, and daytime sleepiness. Short-term insomnia is
defined by all of the above with a duration < 3 months. For
chronic insomnia, the time duration is 3 months [37]. Since
sleep has important homeostatic functions, including suppres-
sive effects on the stress system [38] and on the inflammatory
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system [39], both sleep loss and insomnia are seen as patho-
physiological mechanisms in the activation of the sympathetic
nervous system and of pro-inflammatory pathways. This con-
dition is characterized by an activation of the hypothalamic-
adrenal axis and the sympathetic nervous system predisposing
to the hypertensive state [40]. Normotensive subjects with
chronic insomnia have higher nighttime systolic BP and
blunted day-to-night systolic BP dipping compared to good
sleepers. Insomnia is associated with a significant higher risk
(5.1-fold) for hypertension when sleep duration is below 5 h/
night [41]. Recent theories suggest the role of high level of
cardiovascular arousal as focus for maintenance of insomnia.
This is associated with a hyperadrenergic state, an activation
of the inflammatory process, an endothelial dysfunction, con-
ditions favoring plaque activation, and cardiovascular events
[42, 43]. Systematic reviews and meta-analysis of cross-
sectional and longitudinal studies have shown the association
between short sleep duration or sleep loss and hypertension
[19••, 20••] (Fig. 1).

Breathing Disorders and OSA

Arousal

The use of polysomnographic recording allows to observe the
relations between breathing disorders and changes in sleep
and hemodynamic parameters. Repetitive arousal for 1 h does
not produce overt changes in heart rate or blood pressure
values but a change in the autonomic control favoring a grad-
ual accumulation of the effects of sympathetic activation fol-
lowing each arousal, thus offsetting the tendency for

sympathetic withdrawal that accompanies natural sleep onset
[44]. It has been recently confirmed that sleep fragmentation
contribute to sympathetic activation [45••]. This study has
shown that the strongest correlation has been observed be-
tween sympathetic activity and sleep arousal index, indepen-
dently by apneic episodes or severity of oxygen desaturation
(Table 1). It appears that sleep fragmentation and arousals not
only contribute to poor sleep quality but also to adrenergic
hyperactivity and cardiovascular morbidity.

Sleep Apnea

Repetitive collapse of the upper airway and intermittent hyp-
oxia and hypercapnia in the gas exchange induce a sleep dis-
ruption, a catecholamine excess, an acute blood pressure in-
crease, a release of inflammatory mediators, and a worsened

Study ID

Gottlieb 2006
van den Berg 2007
Cappuccio (men) 2007
Cappuccio (women) 2007
Hall 2008
Lima-Costa 2008
Stang (men) 2008
Stang (women) 2008
Lopez-Garcia 2009
Fujikawa 2009
Vgontzas 2009
Kim J 2010a
Kim J 2010b
Stranges (men) 2010
Stranges (women) 2010
Fang 2011
Bansil 2011
Katano 2011
Magee 2011
Wang (men) 2011
Wang (women) 2011

Overall (I-squared = 76.6%, p = 0.000)

% Weight

6.14
5.15
4.31
2.92
3.70
4.21
6.82
6.70
4.82
1.57
4.66
5.28
3.29
3.47
3.37
7.65
7.28
5.96
8.10
3.13
1.45

100.00    

OR (95% CI)

1.66 (1.35, 2.04)
0.94 (0.72, 1.24)
0.88 (0.63, 1.23)
1.72 (1.07, 2.75)
1.10 (0.75, 1.63)
0.93 (0.66, 1.31)
1.05 (0.89, 1.23)
1.24 (1.04, 1.46)
1.03 (0.77, 1.39)
2.51 (1.31, 5.54)
1.56 (1.14, 2.11)
1.31 (1.01, 1.71)
1.15 (0.75, 1.77)
0.93 (0.62, 1.41)
1.66 (1.09, 2.53)
1.49 (1.34, 1.64)
1.03 (0.91, 1.18)
1.09 (0.88, 1.36)
1.03 (0.98, 1.09)
1.40 (0.90, 2.20)
2.40 (1.10, 5.00)

1.21 (1.09, 1.34)

0.181 1 5.54

Study ID

Gangwisch 2006

Cappuccio (men) 2007

Cappuccio (women) 2007

Lopez-Garcia 2009

Knutson 2009

Kim S 2012

Overall (I-squared = 26.9%, p = 0.233)

% Weight

31.79

9.29

4.34

3.52

23.54

27.51

100.00  

RR (95% CI)

1.32 (1.02, 1.71)

0.89 (0.55, 1.43)

1.31 (0.65, 2.63)

0.54 (0.25, 1.18)

1.30 (0.96, 1.75)

1.33 (1.01, 1.76)

1.23 (1.06, 1.42)

0.25 1 4

Fig. 1 Left panel shows forest plot of the association between short sleep
duration and hypertension from cross sectional studies among adults.
Results are expressed as odds ratio (OR) and 95% confidence intervals
(95%CI). Right panel shows forest plot of the association between short

sleep duration and hypertension from longitudinal studies among adults.
Results are expressed as relative risk (RR) and 95% confidence intervals
(95%CI). Modified from ref 19

Table 1 Correlations between predictive variables and day-time
sympathetic discharge

Variables MSNA (bursts/100 hb)

Arousal index (events/h) r = 0.53 p < 0.001

AHI (events/h) r = 0.40 p = 0.004

Age (years) r = 0.35 p = 0.013

BMI (kg/m2) r = 0.32 p = 0.022

ODI (events/h) r = 0.27 p = 0.056

AHI apnea-hypopnea index, BMI body mass index, ODI oxygen
desaturation index, MSNA muscle sympathetic nerve activity, hb heart
beats

Modified from ref 44
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insulin resistance (Fig. 2). These alterations associated to in-
trathoracic pressure swing are able to affect preload and
afterload and left atrial and ventricular transmural pressure,
thus inducing a cardiac remodeling that is frequently present
in subjects with sleep apnea (SA) both obstructive (O) or
central (C) [46••]. The evaluation of severity is obtained
through the assessment of the apnea-hypopnea index (AHI),
defined as the average number of apneas and hypopneas per
sleep hour. OSA syndrome is based on the presence of in-
creased AHI, excessive daytime sleepiness, oxygen
desaturation index, and arousal index [47]. Several studies
have clearly shown that OSA appears to be a multifactorial
process involving different mechanisms: sympathetic acti-
vation, activation of inflammatory pathways, endothelial
dysfunction, metabolic dysregulation, and impairment in
reflex cardiovascular control [46••, 48–50, 51•, 52•].
Epidemiological research indicates that obstructive sleep
apnea is associated with an increased risk of incident hy-
pertension [53] and an incidence and progression of coro-
nary heart disease, heart failure, stroke, and atrial fibrilla-
tion [52•, 54••]. The Wisconsin Sleep Cohort Study [53]
has shown that subjects with moderate-severe OSA had a
3.2-fold increased odds of developing hypertension; never-
theless, this evidence is not the rule, and in a different co-
hort, this increased risk was not observed [55]. If OSA
contributes to the incidence and progression of hyperten-
sion, it is possible to hypothesize that the treatment with
continuous positive airway pressure (CPAP) could be able
to reduce blood pressure. Reports are conflicting and four
meta-analyses [56–59] indicate a modest antihypertensive
effect of CPAP. This could be related to the different co-
horts, study design, accuracy of BP assessment, degree of

CPAP adherence, and to the limited duration of this treat-
ment which is not able to reverse quickly or completely the
mechanisms of OSA-induced hypertension. Usually, these
patients are also affected by comorbidities that need to be
corrected concomitantly to reduce their high cardiovascular
risk [60•].

Conclusions

There is a strong evidence for the association of sleep distur-
bances and sleep-disordered breathing with important impair-
ment in quality of life, and through activation of several mech-
anisms, with systemic hypertension, glucose intolerance, obe-
sity, coronary artery disease, arrhythmias, and heart failure.
Although there is a strong therapeutic rationale for the treat-
ment of sleep apnea, the study that this improves cardiovas-
cular outcome is not secure. Nevertheless, the integration be-
tween sleep medicine and cardiology may be very important
in increasing behavioral, pharmacological, and device-based
interventions for treating sleep disorders and effective in con-
trolling cardiovascular diseases and reducing cardiovascular
risk.
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Intermittent
hypoxemia/hypercapnia

Negative intrathoracic
pressure swing

Sleep
deprivation/fragmentation

Sleep Apnea
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 CV mortality
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 Inflammation

 Endothelial dysfunction
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Fig. 2 Mechanisms and
consequences of sleep apnea.
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